Monthly sonde data for Lauder in Central Otago, New Zealand show profiles of aerosol backscatter from the surface to over 30 km altitude. The tropospheric data vary by season, with greater aerosol backscatter throughout the free troposphere in springtime. Aerosol mixing ratios in layers in the upper troposphere at these times are often much higher than anywhere else above the boundary layer, suggesting that they arise from horizontal transport. Ozone measurements from the sonde show correspondence in vertical structure to the backscatter data and also seasonal enhancement. The latter correlates with aerosol, but competing causes of ozone enhancement make the correspondence indistinct. High concentrations of carbon monoxide are observed by Fourier transform spectroscopy in spring, and altitude profiles derived from line shape suggest that the peak in CO occurs in the same altitude range as the aerosol enhancement. 
Introduction Springtime enhancement of aerosol in the South
There is also uncertainty of +1% in Rayleigh backscatter for air density calculated from the pressure and temperature measurements.
Like lidar systems and SAGE, the backscattersonde has mostly been used to study the stratospheric aerosol system, but unlike both of them it performs well throughout the troposphere I Rosen et al., 19971. Sondes are launched after sunset in relatively clear (less than 50% cloud cover) and calm (wind gusts less than ms -!) conditions, creating a bias in tropospheric sampling conditions which is common to other balloon-borne systems and to lidar measurements. The cloud cover limitations for good satellite-based measurement of tropospheric aerosol are generally more stringent, so that the same 'fair weather' bias will also affect SAGE data.
In total, 76 backscattersondes have been launched from Lauder. Despite the inevitable risk of mishap with balloon launches and telemetry, all flights have returned usable data. As a stratospheric data series, the backscattersonde measurements cover a very wide range of concentrations. In longer time series, such as ruby lidar data from Mauna Loa, the period since 1992 includes the highest values of peak and integrated stratospheric aerosol backscatter, and the recent values are amongst the lowest values. The former observation concurs with global volcanic records that show the Pinatubo eruption to be the largest in the past century, and the latter is an important constraint on our understanding of stratospheric aerosol processes. For the present study the wide range of stratospheric aerosol amount is valuable for quantifying exchange into the troposphere.
Analysis
Clouds are the major contaminant in the data series, and for the data presented here clouds were identified by several means. Detector saturation is always attributable to water droplets or ice crystals, whether in fog, cloud, or condensing smoke, and all such instances were removed. High values of 'backscatter color ratio' (aerosol backscatter over Rayleigh backscatter at 940 nm relative to 490 nm [Rosen et al., 19971) are indicative of large particles, which are 'white' scatterers at visible wavelengths. The color ratio is I for molecular scatterers and around 14 for the largest particles; in this analysis those instances of high red backscatter for which the color ratio was greater than 10 were treated as cloud. It is possible that just above or below cloud them could be enhanced aerosol which will be rejected as cloud by the above criteria, but any such bias in the data should be slight. Monthly sampling at one location cannot begin to reconstruct hemispheric behavior or support an inventory of sources and sinks, but it can still constrain such calculations.
In the backscattersonde data peaks in aerosol concentration are narrowly confined within springtime and often to a limited range of altitudes. These peaks can be very large, and it would seem that the broad seasonal peak apparent in zonal and seasonal averages may arise from such localised high concentrations. Significantly, the mixing ratio can be much higher than anywhere in the stratosphere, ruling out the latter as a source. In other profiles during the period of seasonal enhancement aerosol concentrations are much closer to the averages seen by SAGE, perhaps because the temporal and spatial distribution has been smoothed by turbulent diffusion during transport.
Conclusions
The seasonal peak in upper tropospheric aerosol over Lauder is consistent with satellite observations and airborne studies. The lack of correlation with stratospheric and boundary layer aerosol and the high mixing ratios at the peak suggest horizontal transport as the source. Correlations with ozone and especially carbon monoxide point to biomass burning origins.
